Objective: The objective of this work was to study the lactobacilli and bifidobacteria population in human milk of healthy women, and to investigate the influence that several factors (including antibioteraphy during pregnancy and lactation, country and date of birth, delivery mode, or infant age) may exert on such population. Methods: A total of 160 women living in Germany or Austria provided the breast milk samples. Initially, 66 samples were randomly selected and cultured on MRS-Cys agar plates. Then, the presence of DNA from the genera Lactobacillus and Bifidobacterium, and from most of the Lactobacillus and Bifidobacterium species that were isolated, was assessed by qualitative polymerase chain reaction (PCR) using genus-and speciesspecific primers. Results: Lactobacilli and bifidobacteria could be isolated from the milk of 27 (40.91%) and 7 (10.61%), respectively, of the 66 cultured samples. On the contrary, Lactobacillus and Bifidobacterium sequences were detected by PCR in 108 (67.50%) and 41 (25.62%), respectively, of the 160 samples analyzed. The Lactobacillus species most frequently isolated and detected was L salivarius (35.00%), followed by L fermentum (25.00%) and L gasseri (21.88%), whereas B breve (13.75%) was the bifidobacterial species most commonly recovered and whose DNA was most regularly found. The number of lactobacilli-or bifidobacteria-positive samples was significantly lower in women who had received antibiotherapy during pregnancy or lactation.
B
acterial gut colonization in early life is a process that exerts a short-, medium-, and long-term influence on the health status of a host, and that involves bacteria arising from different sources (1); among them, culture-dependent studies have revealed that human milk is a source of live staphylococci, streptococci, lactic acid bacteria, bifidobacteria, propionibacteria, corynebacteria, and closely related Gram-positive bacteria to the infant gut (2) . Several studies have shown that there is a mother-to-infant transfer of bacterial strains belonging, at least, to the genera Lactobacillus, Staphylococcus, Enterococcus, and Bifidobacterium through breastfeeding (3) (4) (5) (6) (7) . In fact, human milk constitutes 1 of the main sources of bacteria to the breast-fed infant gut since a baby consuming approximately 800 mL/day of milk would ingest between 1 Â 10 5 and 1 Â 10 7 bacteria daily (8) . It has been suggested that exposure of the breast-fed infant to such a wealth of bacterial phylotypes through breast-feeding may exert beneficial effects against several diseases (9) . Breast-feeding has been shown to improve infant health outcomes lowering the risk of respiratory and gastrointestinal tract infections, necrotizing enterocolitis, otitis media, and allergic disease and to prevent later health problems such as inflammatory bowel disease, obesity, and type 2 diabetes mellitus (10) .
The application of culture-independent molecular techniques, and particularly those based on 16S rRNA genes, allowed a complementary biodiversity assessment of the human milk microbiome. The use of such techniques confirmed the dominance of staphylococci and streptococci, the relatively frequent presence of lactic acid bacteria and bifidobacteria, and the existence of DNA belonging to other bacterial groups, such as some Gram-negative bacteria (5, (11) (12) (13) . Recently, the first microbiome study focused on human milk was published and the results indicated that milk bacterial communities were generally complex (9) . Among the hundreds of operational taxonomic units detected in the milk of every woman, only 9 (Streptococcus, Staphylococcus, Serratia, Pseudomonas, Corynebacterium, Ralstonia, Propionibacterium, Sphingomonas, and Bradyrhizobiaceae) were present in every sample from every woman. On the contrary, milk bacterial community was generally stable over time within an individual (9) .
In contrast to staphylococci, streptococci, corynebacteria, or propionibacteria, which seem to be widespread in human milk, the presence of lactobacilli and bifidobacteria seems to be more variable among women (9, 11, 14, 15) . Such variability may be the consequence of isolation difficulties, owing to fastidious growth and incubation requirements, or may be the result of the technical bias associated to molecular studies. It could also be because of host peculiarities; it has been suggested that the human milk microbiome is influenced by several factors that significantly skew its composition (16) . In this context, the objective of this study was to assess whether demographic or clinical factors, such as country and date of birth, infant age, delivery mode, or antibiotherapy during pregnancy and lactation, may exert an influence on the bifidobacterial and lactobacillic population present in the breast milk of healthy women.
METHODS

Subjects and Sampling
A total of 160 healthy women participated in the study and provided a sample of breast milk. Women were recruited to cover a moderately wide area of central Europe from randomly chosen regions in Germany and Austria to represent southern and eastern (Germany) and western and eastern (Austria) parts of both countries, which included both rural and urban settings. Recruitment was carried out by midwives, who were contacted initially via the HiPP Scientific sales force (Pfaffenhofen, Germany). All of the volunteers gave written informed consent to the protocol, which was approved by the ethical committee of Hospital Clínico (Madrid, Spain). The milk samples were collected in a sterile tube by manual expression using sterile gloves. Previously, nipples and mammary areola were cleaned with soap and sterile water and soaked in chlorhexidine. The first drops ($500 mL) were discarded. All of the samples were kept frozen until delivery to the laboratory. All of the women filled a questionnaire designed to collect information on demographic characteristics and some other factors, such as mode of delivery, anesthesia during labor, or antibiotherapy during pregnancy and lactation (Table 1) .
Count and Identification of Bacteria in the Samples
Adequate dilutions of 66 randomly selected milk samples were spread onto agar plates of Man, Rogosa, and Sharpe (Oxoid, Basingstoke, UK) supplemented with L-cysteine (0.5 g/L) (MRSCys) for isolation of lactobacilli and bifidobacteria. The plates were incubated for 48 hours at 378C anaerobically (85% nitrogen, 10% hydrogen, 5% carbon dioxide) in an anaerobic workstation (MINI-MACS; DW Scientific, Shipley, UK).
After incubation and counting, 10 isolates from each culture medium were randomly selected and identified at the species level by classical morphological and biochemical tests. In addition, all the Gram-positive isolates with morphology compatible with that of lactobacilli or bifidobacteria were selected and identified at the genus level by classical morphological and biochemical tests and by demonstration of fructose-6-phosphate phosphoketolase activity in cellular extracts. Identification at the species level was performed by MALDI-TOF (Vitek MS; BioMerieux, Marcy l'Etoile, France) or by polymerase chain reaction (PCR) sequencing of a 470-bp fragment of the 16S rRNA gene using primers pbl16 (5 0 -AGAGTTT GATCCTGGCTCAG-3 0 ) and mlb16 (5 0 -GGCTGCTGGCACGT AGTTAG-3 0 ) (17) . The PCR conditions were as follows: 968C for 30 seconds, 488C for 30 seconds, and 728C for 45 seconds (40 cycles) and a final extension at 728C for 4 minutes. The amplicons were purified using the Nucleospin Extract II kit (Macherey-Nagel, Düren, Germany) and sequenced at the Genomics Unit of the Universidad Complutense de Madrid, Spain.
The resulting sequences were used to search sequences deposited in the EMBL database using the BLAST algorithm, and the identity of the isolates was determined on the basis of the highest scores (!98%).
Somatic Cell Count (SCC) in the Samples
SCC was performed with a DeLaval cell counter DCC (DeLaval International AB, Tumba, Sweden), using single-use cell counter cassettes and instructions provided by the manufacturer. The cassette that contains small amounts of a DNA-specific stain (propidium iodide) is used to collect the sample. A piston carries the milk sample toward a counting window that is exposed to an LED light source. The fluorescence signal given by the cell nuclei is recorded as a digital image that is subjected to automated image analysis.
Bacterial DNA Isolation From the Milk Samples
Initially, a fraction of the breast milk samples (1 mL) was centrifuged at 7150 g for 20 minutes. Then, total DNA was isolated from the pellets using the QIAamp DNA Stool Mini Kit (QIAgen, Hilden, Germany) following a protocol described previously (11) . DNA was eluted in 20 mL of buffer AE (provided in the kit), and the purified DNA extracts were stored at À208C.
Qualitative PCR Assays
Genus-specific detection of DNA from the genera Lactobacillus or Bifidobacterium was accomplished using the primers and PCR conditions reported by Collado et al (18) . At the species level, a 2-step multiplex PCR assay was used to detect DNA from L fermentum, L gasseri, L plantarum, L reuteri, L rhamnosus, and L salivarius, using species-specific primers and PCR conditions previously reported (19) . In parallel, the presence of DNA from L casei/L paracasei was assessed using the primers and PCR conditions described by Chagnaud et al (20) .
PCR detection of DNA from B longum, B infantis, B dentium, and B gallicum was carried using the primers and PCR conditions described by Matsuki et al (21) , whereas the presence of DNA from B adolescentis, B angulatum, B bifidum, B breve, B catenulatum, and B pseudocatenulatum was assessed using those reported by Matsuki et al (22) . Finally, PCR detection of DNA from B lactis was performed using the species-specific PCR assay developed by Ventura et al (23) .
Each PCR assay included DNA extracted from a reference strain of each targeted species (positive control). Amplicons were analyzed by electrophoresis (90 V, 1 hour) on 1% agarose gels. Subsequently, the gels were stained and bands were visualized in a Gel-Doc system (Bio-Rad, Hercules, CA).
Statistical Analysis
Quantitative data were expressed as the mean and 95% confidence interval (CI) of the mean or, when they were not normally distributed, as the median and interquartile range. A correlation analysis was performed to test the relation between bacterial counts in MRS-Cys and SCCs. Proportions were compared using x 2 statistics, including the Fisher exact test and the FreemanHalton test for contingency tables greater than 2 Â 2. Differences were considered significant at P < 0.050. SAS version 9.2 (SAS Institute Inc, Cary, NC) was used to carry out the analyses cited above.
RESULTS
Characteristics of the Lactating Women Participating in the Study
The 160 women enrolled in this study had a mean age of 31.82 years (95% CI 31.10-32.54 years) and their breast-fed baby had a gestational age of 39.72 weeks (ranging from 29 to 44 weeks). The median number of children was 1 (n ¼ 104, 65.00% of participants), and only 11 women (6.88%) had 3 or more children. Moreover, 21.87% of the infants were born by cesarean section, more than one-third of the women (35.22%) received anesthesia during delivery, and 40.62% of the women had received antibiotherapy during pregnancy and/or lactation ( Table 1) . Most of the participating women were exclusively breast-feeding their babies whereas 32.08% did it partially. Regarding the time of sampling, most of the breast milk samples (73.75%) were collected from women during the second to fourth week of lactation, whereas 10.00% were obtained during the first week and the remaining 15.63% after the first month of lactation. Most of the women who gave samples during the first month of lactation were exclusively breast-feeding their infants (75.37%), whereas this percentage descended notably in samples obtained after the first month of lactation (28.00%). Other demographic and clinical characteristics, such as the month of delivery, nationality and origin of the mother (urban or rural), and place where the samples were obtained, are summarized in Table 1 .
Bacterial and SCCs
Bacterial growth was observed in 58 of the 66 milk samples inoculated on MRS-Cys agar plates. The mean (95% CI) value of bacterial counts obtained in such medium was 1.63 (1.49-1.77) log 10 colony-forming units (CFU)/mL and ranged between 1.0 and 2.7 log 10 CFU/mL ( Fig. 1) . In those breast milk samples where bacterial growth was observed, the mean (95% CI) value of SCCs was 36.67 (35.96-41.37 ) cells per microliter and ranged between 23 and 68 cells per microliter, whereas in the rest of the samples (n ¼ 8) where bacterial growth was undetectable, lower SSCs values (mean value of 27.16 cells/mL) were observed. A weak but statistically significant correlation was noted between bacterial counts in MRS-Cys plates and SSCs (r ¼ 0.395, P ¼ 0.002), as shown in Figure 1 . Overall, the bacterial count and SCC values found in these breast milk samples indicated that none of the women were experiencing mastitis when the samples were collected.
Bacterial Identification
In relation to Gram-positive cocci, Staphylococcus spp were isolated from 51 samples (77.27%); Staphylococcus epidermidis was detected in all 51 samples, whereas other coagulase-negative staphylococci were isolated from <25% of the samples (data not shown). Staphylococcus aureus could not be detected in any sample. Streptococci were also isolated from 40 samples (60.61%) and most of them belonged to the species Streptococcus mitis, Streptococcus salivarius, or Streptococcus parasanguinis (data not shown). Lactobacilli and bifidobacteria could be isolated from 27 (40.91%) and 7 (10.61%) samples of breast milk, respectively (Fig. 2) . The mean (95% CI) values of bacterial counts for Lactobacillus and Bifidobacterium were 1.11 (0.99-1.23) and 0.96 (0.76-1.16) log 10 CFU/mL, respectively. Identification of the isolates at the species level revealed that they belonged to the following species:
L salivarius, and L vaginalis. The species most frequently found was L salivarius that was isolated from 9 milk samples (13.64% of the 66 cultured samples), followed by L fermentum (7 samples, 10.61%), L gasseri (6 samples, 9.09%), and B breve (5 samples, 7.58%) ( Table 2 ). Usually, only 1 species of either lactobacillus or bifidobacteria was present in an individual breast milk sample, although 2 different species were isolated from 7 samples, and B longum, L gastricus, and L reuteri were detected simultaneously in 1 sample (Table 2) .
PCR Assessment of Lactobacilli and Bifidobacteria Diversity in the Milk Samples
The presence of lactobacilli and bifidobacterial DNA alone or in combination was analyzed by PCR using species-specific primers in 160 breast milk samples, and it was confirmed in 113 (70.60%) samples (Fig. 3A) . More specifically, Lactobacillus sequences (alone or in combination with Bifidobacterium sequences) and Bifidobacterium sequences (alone or in combination with Lactobacillus sequences) were detected in 108 and 41 samples (67.50% and 25.62% of total samples), respectively, whereas both genera were present simultaneously in 36 samples (22.50% of total samples) (Fig. 3A) .
The Lactobacillus species most frequently found was L salivarius (56 samples, 35.00% of total samples), followed by L fermentum (40 samples, 25.00%) and L gasseri (35 samples, 21.88%) (Fig. 3B ). Other lactobacilli species detected using this approach were L reuteri (11.88%), L plantarum (10.63%), L rhamnosus (8.13%), and L casei (4.38%). Regarding bifidobacteria, B breve DNA was the most frequently found and it was present in 21 (13.75%) of the analyzed samples. B longum and B lactis were detected only in 7 samples (4.38%), each. Another 7 breast milk samples contained other species of bifidobacteria (Fig. 3B) .
Globally, there was great interindividual variability regarding the lactobacilli and bifidobacterial PCR profile. In fact, up to 52 different species combinations were found among the 113 breast milk samples in which lactobacilli and/or bifidobacteria could be detected (Fig. 4) . A total of 31 women displayed a profile that was not shared with any other recruited woman. The profiles of most of the samples comprised only 1 or 2 different species (38 and 43 samples, respectively) (Fig. 4) . The profile comprising only L salivarius DNA was shared by 13 of the analyzed samples (representing 8% of total samples), whereas the combination of L fermentum with either L salivarius or L gasseri was present in 9 and 8 human milk samples, respectively ($5% of total samples). In contrast, 8 breast milk samples contained DNA from 4 different Lactobacillus and Bifidobacterium species. A detailed analysis of all the combinations of lactobacilli and bifidobacterial species that were detected by PCR is presented in Figure 4 .
Taken as a whole, there was a good correspondence between isolation by culture technique and PCR detection of lactobacilli or 
Ã n ¼ number of samples where a given combination of species was found. y N ¼ total number of samples where a given bacterial species was found alone or in combination with others.
bifidobacteria, both at the genus and the species level in the 66 breast milk samples that were seeded on MRS-Cys plates (Table 3) . Lactobacilli DNA was detected in 50 samples, and viable lactobacilli were isolated from approximately half of them (26 samples). The proportion of samples in which bifidobacteria were isolated by culture and in which their DNA was detected by PCR was lower (6 samples of 18 positives for bifidobacteria by PCR; Table 3 ). B lactis was detected only using molecular techniques (in 2 milk samples).
Influence of Demographic and Clinical Parameters in the Detection of Lactobacilli and Bifidobacteria in Breast Milk
Associations between the presence or absence of lactobacilli or bifidobacterial DNA and relevant demographic or clinical characteristics of the women participating in the study were investigated in this study. Most of the analyzed samples (73.75%) were collected from women during a period that extended from the second to the fourth week after delivery, except 16 samples (10.00%) obtained during the first week and 25 samples (15.63%) provided by women who had been breast-feeding for more than 1 month. No differences were found regarding the distribution of bacteria belonging to either the genus Lactobacillus or Bifidobacterium or to their respective species between samples taken during the first week, from the second to the fourth week or after the first month of breast-feeding (Tables 4 and 5 ).
The number of milk samples positive for lactobacilli or bifidobacteria were significantly lower in those women who had received antibiotherapy during pregnancy or lactation (x 2 test; P ¼ 0.000 and P ¼ 0.037 for lactobacilli and bifidobacteria, respectively) (Tables 4 and 5 ). The administration time of the antibiotic (pregnancy, delivery, or lactation) did not modify the frequency of samples with Lactobacillus, Bifidobacterium or their respective species, although it would be advisable to analyze a higher number of subjects to draw a conclusive evidence of this aspect. Lactobacilli were also less frequently detected in the breast milk of women who had been subjected to cesarean section and/or had received anesthesia during delivery although, in such cases, the differences were not statistically significant (x 2 test, P ¼ 0.059 and P ¼ 0.097, respectively) (Table 4) .
To further investigate the influence of these factors on the diversity of the Lactobacillus and Bifidobacterium species detected in these human milk samples, an analysis was carried out considering the presence or absence of DNA from the different species (Tables 4 and 5 ). L fermentum and L salivarius DNA was detected only in 13.85% and 16.92%, respectively, of the samples obtained from women who had received antibiotherapy, whereas the percentage ascended to 32.63% and 47.37%, respectively, in the case of women who had not been treated with antibiotics (x 2 test, P ¼ 0.007 and <0.001, respectively). Similarly, L plantarum was present in 14 milk samples (14.74%) obtained from women who did not take antibiotics but it was detected only in 3 women (4.62%) of the group that received antibiotherapy, although the difference was not statistically significant (Fisher test, P ¼ 0.065). Detection of L fermentum and L salivarius was also higher in women who had their babies by vaginal delivery than in those that had them by cesarean section, although the differences did not reach statistical significance (P ¼ 0.088 and P ¼ 0.098, respectively). Receiving anesthesia during delivery had a similar impact in the presence of DNA from L fermentum and L salivarus in breast milk; the presence of these lactobacilli species was found more frequently in women who did not receive anesthesia during delivery, although the difference was statistically significant only for L salivarius (P ¼ 0.068 and P ¼ 0.007, respectively). Similarly, a higher frequency of B breve, B lactis, and B longum was observed in milk samples from women with a vaginal delivery but, again, the differences were not statistically significant.
Finally, the association between the presence or absence of viable lactobacilli and bifidobacterium and relevant clinical parameters in the 66 milk samples that had been cultured was investigated. There was a tendency indicating that the proportion of milk samples containing viable lactobacilli, particularly L fermentum and L salivarius, was higher in the group of women who did not receive antibiotics during pregnancy and/or breast-feeding compared with the group that received antibiotherapy, but the association did not reach significant values (Table S1 , http://links.lww.com/MPG/ A311). The associations between the presence of Lactobacillus and Bifidobacterium DNA and some clinical parameters that have been previously described were, however, confirmed in this smaller group of milk samples (Table S1 , http://links.lww.com/MPG/A311).
DISCUSSION
In the last years, culture-dependent methods have shown that breast milk is a source of commensal, mutualistic, and probiotic bacteria with the ability to influence the initial colonization of the infant gut (2, 24) . In this study, a low number of viable bacteria (<10 3 CFU/mL) was found in most of the samples, in agreement with previous analyses (25) . This fact reflects the hygienic collection and proper storage of the samples and, together with the low SCC level of milk samples, indicates that participating women did not experience mastitis. Higher counts are usually related to nonhygienic sampling, improper storage of the samples, and/or use of contaminated milk pumps for sampling collection or mastitis (26, 27) Although the main target of this study were lactobacilli and bifidobacteria, coagulase-negative staphylococci and viridans streptococci could be isolated from 51 (77.27%) and 40 (60.61%), respectively, of the 66 cultured samples. Staphylococci and streptococci constitute the dominant culturable bacteria in human milk, and related DNA sequences of both genera are also the prevailing ones in this biological fluid, albeit with substantial interindividual differences (4, 8, 9, 11, 14, 16, 18, 28) . In spite of this, staphylococci and streptococci have received a marginal attention regarding their role in the human mammary gland and in the early colonization of the infant gut, although they could be useful to reduce the acquisition of undesired pathogens, particularly in infants exposed to hospital environments (7, (28) (29) (30) .
With respect to lactobacilli and bifidobacteria, they could be isolated from 27 (40.91%) and 7 (10.61%) of the 66 cultured samples, respectively. Such bacterial groups constitute a subdominant culturable population in human milk (3, (5) (6) (7) (8) 31) , and are particularly attractive because of its use as probiotics. It is noteworthy that lactobacilli and bifidobacteria are difficult to isolate because their low concentration in human milk is close to the detection limit for culture methods (5) . All of the lactobacilli and bifidobacterial species isolated in this study have already been described in human milk (3, (5) (6) (7) (8) . Particularly, strains belonging to the species L fermentum, L salivarius, L gasseri, B breve, and B longum can be transferred to the infant gut through breast milk (3, 6, 7) .
In this work, qualitative PCR analysis revealed the presence of lactobacilli and bifidobacterial DNA in 108 (67.50%) and 41 (25.62%), respectively, of the 160 samples analyzed. Globally, there was a good correspondence between isolation of viable bacteria and PCR detection of lactobacilli or bifidobacterial DNA, at both the genus and the species level. The higher number of samples from which lactobacilli or bifidobacterial DNA was amplified compared with those from which viable bacteria were isolated by culture methods was an expected result, owing to the low concentrations of lactobacilli and bifidobacteria in human milk that hinder their detection (as stated before) and to the lack of discrimination between DNA from live or dead bacteria of PCR assays. Human milk contains a wide range of free bacterial DNA signatures, which may contribute to program the neonatal immune system (25) .
Previous culture-independent assessments of the bacterial diversity of human milk have shown the presence of lactobacilli and bifidobacterial DNA (5, (11) (12) (13) (14) 16, 18, 25) . In contrast, some pyrosequencing-based studies have found a low relative abundance of DNA from lactobacilli and/or bifidobacteria (9, 14, 32) . Differences in genetic, cultural, environmental, or dietary factors (9, 14) , or technical bias associated with culture-independent methods (differential lysis among different bacterial strains, species, genera, and phylotypes when obtaining bacterial DNA from the biological sample and/or differential amplification rate because of the selected primers for pyrosequencing) could explain these controversial results. In fact, in a previous study, the application of universal primers or Lactobacillus-specific primers to a set of human milk samples showed different results (11, 12) . Therefore, standardization of procedures to be able to compare results provided by different studies focused on the same type of biological material would be advisable.
In this study, the influence of several factors on the detection of lactobacilli and bifidobacterial DNA by PCR was also assessed. The factor that exerted the strongest influence on the presence of lactobacilli or bifidobacteria was the administration of antibiotherapy to mothers during pregnancy or lactation. More specifically, detection of lactobacilli or bifidobacterial DNA in the milk samples using genus-and some species-specific (L fermentum and L salivarius) primers was significantly lower in those women who had received antibiotherapy during such periods. Lactobacilli were also less frequently detected in the breast milk of women who had been subjected to cesarean section, probably owing to the antibiotherapy associated to such surgery. It has been long known that antibiotics are responsible for dysbiosis processes in the human microbiota, leading to antibiotic-associated diarrhea and gastroenteritis, urogenital, and oral infections (33) . It is becoming evident that antibiotherapy during pregnancy, intrapartum, and lactation alters the maternal microbiota, a fact that may have negative consequences for infant health (34) . An increased risk of asthma exacerbation and hospitalization, requiring inhaled corticosteroids, in children if mothers used antibiotics during pregnancy, supports a role for bacterial ecology in pre-or perinatal life for the development of asthma (35) .
The decrease in the lactobacilli and bifidobacterial populations of breast milk may have negative consequences for breastfed infants because they are important members of the human gut microbiota in early life. Infants with delayed colonization or decreased numbers of these bacteria may be more susceptible to a variety of gastrointestinal or allergic conditions (36) . Recently, a comprehensive analysis of the fecal microbiota in infants with colic, as compared with control infants, revealed that bifidobacteria and lactobacilli were significantly reduced in infants with colic. Moreover, the colic phenotype correlated positively with specific groups of Proteobacteria but negatively with bacteria belonging to the Firmicutes phyla, which includes some lactobacilli and canonical groups known to produce butyrate and lactate (37) . Interestingly, several trials have shown that infants with infantile colic benefit from the administration of a Lactobacillus strain, claimed to be of human milk origin (38) . Therefore, it is not strange that most reviews and meta-analysis have repeatedly confirmed the beneficial effects of some probiotic lactobacilli or bifidobacteria strains for the prevention or treatment of antibiotic-associated conditions (39, 40) .
Among the bacteria isolated from human milk, species such as L gasseri, L salivarius, L reuteri, L fermentum, or B breve are considered among those with probiotic potential and enjoy the Qualified Presumption of Safety status conceded by the European Food Safety Authority (EFSA). In contrast to other bacteria, these seem to be uniquely adapted to reside in the human digestive tract and to interact with us in symbiosis from the time we are born (24) . Some studies have shown that human milk lactobacilli may play several roles in the infant gut, such as the increase in the production of functional metabolites such as butyrate, which is the main energy source for colonocytes and a relevant compound in the modulation of intestinal function (2) . As a result, they improve the intestinal habit, with an increase in fecal moisture, and in stool frequency and volume (41) . They can also contribute to the reduction of the incidence and severity of infections in the breast-fed infant by different mechanisms (42, 43) . Recently, the administration of L fermentum CECT5716, a strain isolated from human milk, in a prebiotic containing follow-on formula to infants during an intervention period of 6 months led to 46% (P ¼ 0.032), 27% (P ¼ 0.026), and 30% (P ¼ 0.003) reduction in the incidence rates of gastrointestinal infections, upper respiratory tract infections, and total number of infections, respectively (44) . Consistently, the same probiotic L fermentum CECT5716 added to a prebiotic containing infant formula also led to a significant reduction of incidence rates of gastrointestinal infections (À71%, P ¼ 0.018) in infants ages 1 to 6 months (41). Breast milk bacteria may also participate in the correct maturation of the infant immune system because some strains are able to modulate both natural and acquired immune responses in animal models and humans (45) (46) (47) .
Finally, the antibiotic-associated loss of lactobacilli and bifidobacteria in milk may also have negative consequences for breast health because of the overgrowth of mastitis-causing agents (48) . In fact, multiresistance to antibiotics is a common feature among clinical staphylococci involved in such conditions (49) . This explains why this condition used to be elusive to antibiotic therapy, and why it constitutes one of the main reasons to cease breastfeeding (50) . In this context, the development of new strategies based on selected probiotic lactobacilli isolated from human milk is an efficient alternative for mastitis treatment (27) . This suggests that human milk lactobacilli may play important roles in mammary homeostasis.
In conclusion, the results of this study confirm that lactobacilli and bifidobacteria are common members of the human milk microbiota of women who did not receive antibiotics during pregnancy or lactation. Therefore, the presence of such bacteria may be a marker of a healthy non-antibiotic-altered human milk microbiota, and this should be taken into account when defining a criterion standard of breast milk. As a consequence, administration of selected human milk lactobacilli or bifidobacteria to pregnant or lactating women receiving antibiotics, or to their infants, may constitute an attractive approach to restore the natural bacterial ecosystem existing in human milk.
